An empirical long-term commodity price range for Mineral Reserve declarations interested in the economically extractable portion of the mineral deposit as this is a good indicator of the economic prospects for mining companies in the short to medium term. Securities exchanges worldwide have an overarching principle of protecting investors and so require transparent and consistent reporting of Mineral Resources and Mineral Reserves for easier decision-making by investors. The national reporting code in South Africa is the SAMREC Code. The SAMREC Committee (now SAMCODES Standards Committee or SSC) first published the SAMREC Code in March 2000 and later that year the Johannesburg Stock Exchange (JSE) adopted the Code, requiring compliance with the Code as part of the Listing Requirements for mining companies.
The reporting codes are principles-based and therefore not prescriptive. This gives the Competent Person (CP) some discretion in estimating and reporting Mineral Resources and Mineral Reserves, if their approaches and methodologies are reasonable and defendable. The discretion includes assumptions on modifying factors. The 2016 Edition of the SAMREC Code attempted to address the shortcomings associated with the discretion exercised by CPs by introducing the 'if not, why not' reporting principle. This principle requires that CPs must report on every aspect as specified in Table I of the SAMREC Code, otherwise they need to provide reasonable justification for not reporting on certain elements (Lomberg and Rupprecht, 2017) . This principle makes it more difficult for a CP to be selective when reporting, thus enabling the CP to include all the information that stakeholders, investors, potential investors, and advisors would reasonably expect to find in a public report (Lomberg and Rupprecht, 2017) . One of the modifying factors for which a CP needs to exercise reasonable discretion is longterm commodity prices. Long-term commodity prices are one of the most important modifying factors used in Mineral Reserve estimation. Mineral Reserves are the economically mineable portions of Mineral Resources; hence, they provide a better indication of the economic prospects for mining companies in the short to medium term. In order to minimize variations in long-term commodity price assumptions, this research study undertook to estimate an ideal range of longterm commodity prices relative to spot prices. By minimizing variations, it should be possible to improve confidence in the reporting of Mineral Reserves.
Commodity prices are very important in the Mineral Reserve estimation process. For example, as Appleyard (2001, p. 8) argued, 'the most sensitive inputs to a mine valuation are those which relate to revenue. While metallurgical recovery directly relates to revenue, the factors which are usually subject to most variation are the price for the commodity'. Conducting a valuation is a critical step in establishing the economic viability of Mineral Reserves. Therefore, the statement by Appleyard (2001) indicates that although all other modifying factors are important in the estimation of Mineral Reserves, commodity price assumptions are the most important modifying factor. However, commodity prices fluctuate over time as dictated by market forces and international reporting codes do not require the revision of Mineral Reserve estimates due to short-term commodity price movements. Another revenue driver, which is critical to the mine valuation process, is grade, as grade (together with production volumes and metallurgical recovery) is a key driver of saleable product volumes to which commodity prices are applied to estimate revenue. The reporting codes provide guidance on the use of long-term price assumptions for Mineral Reserves estimation. The arguments put forward by authors such as Appleyard and Smith (2001) , and Baker and Giacomo (2001) are in agreement with these guidelines of the reporting codes. Appleyard and Smith (2001, p. 327) argued that the 'failure to recognise that a price decrease means that a previous Ore Reserve is now a body of uneconomic mineralisation, can cause a company to continue operating until it is in a position where it can fail'. This argument indicates that in a volatile commodity market, commodity price decreases significantly affect the quantum of Mineral Reserves and can impair the economic viability of a mining operation if they persist in the long term. Baker and Giacomo (2001, p. 669) (Table II) . The other major South African commodities, which are coal and iron ore, were not included in this research study since they consist of many different product types and trade differently, usually under contractual agreements. The prices of these other major commodities are thus set in contractual agreements, unlike the more fungible gold and platinum commodities that trade openly in commodity exchange markets where market forces drive commodity spot prices. The second step entailed comparing the long-term commodity price assumptions of the major South African gold and platinum mining companies to actual prices from 2000 to 2016. This comparison provided a basis for establishing the reasonability of the long-term commodity prices used by South Africa's gold and platinum mining companies in their Mineral Reserve estimations and declarations.
The third step involved evaluating correlations between the long-term commodity price assumptions and the other modifying factors, and the Mineral Reserve declarations of the major South African gold and platinum mining companies from 2000 to 2016 to determine if long-term commodity prices had the most significant impact on the Mineral Reserve estimates. Lastly, it was necessary to make an estimation of the ideal range for the long-term commodity price assumptions for the Mineral Reserve estimates for South African gold and platinum mining companies based on the price range associated with the least number of impairments. The following paragraphs explain the concept of impairment and describe the link between commodity prices and impairments.
Commodity price is a primary driver of value for mining companies (MacDiarmid, Tholana, and Musingwini, 2018) . Therefore, commodity price fluctuations will affect the company value reported by mining companies in their financial statements. Financial statements typically capture the assets of mining companies as either tangible assets, such as property, plant, and equipment, or intangible assets associated with mining rights. The long-term commodity prices assumed by mining companies have a direct impact on the value of the assets associated with mining rights.
The International Accounting Standard 36 (IAS 36) is an accounting standard that provides guidance to companies for the impairment of assets. IAS 36 states that company financial statements should not carry (or record) the assets at a value which is greater than would be recoverable through use or sale. If the carrying value exceeds the recoverable value, then a company should recognize an impairment. IAS 36 does not cover financial assets, inventories, deferred tax, and other assets as other accounting standards provide guidance for their impairment (IFRS Foundation, n.d.).
The impairments recorded by mining companies for their non-financial assets are a reliable proxy of the effects of their long-term commodity price assumptions. Where mining companies record the value of their property, plant, and equipment or the value of their mining rights on their financial statements using long-term commodity prices that An empirical long-term commodity price range for Mineral Reserve declarations 231 VOLUME 119 It was necessary to assess the long-term commodity price assumptions relative to spot prices, as this would assist in evaluating how these assumptions influenced Mineral Reserve declarations. An analysis by Barclays Bank plc (2015) concluded that 65% of the South African platinum mining industry was cash flow negative at 2015 spot prices, compared to only 22% of the South African gold mining industry. The better performance by the gold mining sector is probably attributable to a better performing gold price compared to the platinum price pre-and post-2015.
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However, the quality of investment and operational decisions between the two sectors (based on their long-term commodity price assumptions) could also have partly contributed to differences in their financial performance. Figure 1 indicates that South African gold mining companies adopted more conservative long-term price assumptions for their Mineral Reserve estimations relative to the 2015 gold average spot price, with the exception of Harmony Gold, which assumed a long-term price which was higher than the average spot price (Barclays Bank plc, 2015) . As argued earlier, these conservative assumptions would have informed the operational and investment decisions of the South African gold mining companies, which may have contributed to their better cash flow positions compared to platinum mining companies. Figures 2 and 3 illustrate the platinum group metals (PGMs) basket price assumptions relative to average spot prices between 2006 and 2016 for Lonmin plc (Lonmin) and Impala Platinum Holdings Limited (Impala), respectively. A commodity basket price for a multi-metal deposit is obtained by considering the recoverable proportions of the individual metals found in the deposit and their respective prices, taking into account market considerations. Figure 2 shows that for the period 2008 to 2014, Lonmin consistently assumed long-term PGM basket prices that were considerably higher than the spot prices. This optimistic long-term price outlook would probably have contributed to the poor investment choices made by Lonmin in bringing the K4 shaft into production in 2011. Persistent weak PGM prices rendered the project financially unviable and Lonmin had to place the K4 shaft on care and maintenance in November 2012 (Barclays Bank plc, 2014) . Figure 3 indicates that had Impala adopted a long-term PGM basket price closer to spot prices in 2016, its Mineral Reserves would have halved, although the long-term PGM basket price assumed by Impala was 30% above spot prices (Impala, 2016) . This shows the significant effect of long-term commodity price assumptions on Impala's Mineral Reserve estimates. Figure 4 illustrates the 2015 South African gold production cost curve, which explains why South African gold mines were mostly cash flow positive in 2015 (Barclays Bank plc, 2015) . It was mostly operations owned by Harmony Gold (indicated as 'HAR' in Figure 4 ) which were in the upper quartile of the cost curve. This is partly the reason why Harmony Gold mines were loss-making in 2015, although this could also have been due to fact that the mines have some of the lowest grades in the South African gold mining sector. The global PGM cost curve in Figure 5 An empirical long-term commodity price range for Mineral Reserve declarations L indicates that South African platinum mines were mostly cash flow negative in 2014 (Barclays Bank plc, 2014) . These observations suggest that there is a relationship between financial performance and long-term commodity price assumptions.
Commodity prices fluctuate due to supply and demand dynamics. In the case of gold and PGMs, the period from 2000 to 2008 was marked by a general upward trend in the prices of these precious metals. However, following the 2008 Global Financial Crisis, the precious metal prices that had peaked crashed rapidly Table IV shows that by 2001, a year after the introduction of the SAMREC Code, the three major South African gold producers started reporting their long-term gold price assumptions. Figure 8 and Table V show that between 2003 and 2016, South African platinum mining companies generally reported long-term platinum prices that were higher than prevailing spot prices. Implats' long-term platinum prices have often been the most bullish throughout the period under review, while Northam's long-term prices have been relatively conservative. Figure 9 shows that for the other PGMs, South African platinum mining companies have generally reported long-term prices higher than spot prices for palladium between 2000 and 2016 and more optimistic long-term prices (relative to spot) for rhodium between 2009 and 2016. However, for gold and iridium, South African platinum mining companies have generally reported long-term prices that were lower than spot prices. The reporting trends of South African platinum mining companies suggest that between 2000 and 2016, they were more likely than gold mining companies to report uneconomic ounces as part of their Mineral Reserves. Persistent reporting of uneconomic ounces can trigger impairment.
As discussed earlier, Appleyard (2001) where SSR is a measure of the sum of the squared differences between the regression line and the mean line of data-points and SSTO is a measure of the squared differences between data-points and their mean line. The process for estimating R 2 involves first plotting the two variables whose relationship is being tested on the y and x axes, with the dependent variable on the y-axis and the independent variable on the xaxis. The best fit or regression line is then fitted to the datapoints, followed by a horizontal line representing the mean of the dependent variable (y). SSR and SSTO are then calculated based on the original data points and points on the mean and regression lines to allow the calculation of R 2 (Penn State Eberly College of Science, n.d.). Table VII between 2000 and 2016 were mostly sensitive to long-term commodity prices as the R 2 (on average) values are generally higher than those of the other modifying factors.
An assessment of the non-financial asset impairments of South African gold and platinum mining companies from 2000 to 2016 gives an indication of the relationship between asset carrying values as represented by long-term commodity prices and recoverable values as represented by prevailing spot prices. The major South African gold mining companies mostly assumed rand-denominated long-term gold prices lower than spot prices between 2000 and 2016. However, these companies recorded significant non-financial asset impairments in this period, as shown in Table IX . This indicates that having a conservative view on long-term prices does not prevent the incurring of impairments. However, Figure 10 shows that when long-term gold price assumptions of the South African gold mining companies were within ±5% of spot prices, then minimal impairments were recorded. The majority of impairments were recorded outside the ±5% longterm gold price to spot price range, which suggests that this could be an ideal long-term gold price assumption range in Mineral Reserve declarations for South African gold mining companies.
Among South Africa's major platinum mining companies, Implats and Lonmin have on average assumed long-term platinum prices that were higher than spot prices between 2003 and 2016, as shown in Table X . Northam assumed conservative long-term platinum prices (relative to spot prices) in the earlier part of the period and higher prices in the latter part, resulting in an average variance of zero over the period. Since Amplats did not report its assumed longterm platinum price, a comparison with spot prices could not be undertaken. The major South African platinum mining companies have also recorded significant non-financial asset impairments in the period from 2000 to 2016, with Northam recording the least impairments (Table X ). Figure 11 shows that of the several impairments recorded by the major South African platinum mining companies from 2000 to 2016, very few occurred in the ±5% long-term platinum price to spot price ratio range. The historical long-term commodity prices used for impairment testing purposes would have been in line with the long-term prices used for Mineral Reserve estimation. The use of long-term commodity prices that were within 5% of prevailing spot prices resulted in reporting of ounces that were economically mineable (Mineral Reserves) under the prevailing conditions, as evidenced by the limited number of impairments incurred within this commodity price range. This suggests that this range is ideal for long-term platinum prices to minimize impairments for South African platinum mining companies. and 2016. The South African gold mining companies reported long-term rand-denominated gold prices that were lower than prevailing spot prices over the 2000 to 2016 period. The platinum mining companies, however, reported long-term platinum price assumptions that were mostly higher than prevailing spot prices. Therefore, South African platinum mining companies were most likely to have reported ounces that were uneconomic as part of their Mineral Reserves and would have been more prone to impairments between 2000 and 2016. An assessment of long-term gold and platinum prices relative to historical spot prices and their impact on the number of non-financial asset impairments recorded by South Africa's gold and platinum mining companies revealed Table IX that the least number of impairments were recorded when long-term commodity prices were within ±5% of prevailing spot prices. This suggests that if South Africa's gold and platinum mining companies keep their long-term commodity prices within ±5% of rand-denominated spot prices, it could result in more reliable Mineral Reserve estimates, which could clearly demonstrate economic viability as evidenced by a potentially limited number of impairments incurred in the future.
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